ABSTRACT
INTRODUCTION
Network reconfiguration is the key to realizing a reliable, flexible and active distribution system. Rapid load demand growth, penetration of distributed generation (DG) resources and industrialization made distribution system reconfiguration (DSR) essential. DSR is the act of opening and closing the switching devices of power systems to reach a topology that optimizes the desired objectives [1] . Variety of objectives such as power losses and total interruptions [2] , Load Balancing [3] , Voltage Profile Improvement [4] , Service Restoration [5] , reliability and power quality improvement [6] has been considered to solve DSR problem. A rigorous classification of the DSR solution methods is difficult. DSR solving methods can be generalized in three major classifications: Heuristic Methods, Conventional Programming and Dynamic Programming [7] . In this paper PSO-ACO algorithms -a nature-inspired methodology-developed to address complex DSR problem that is difficult to solve by traditional approaches. Combination of two optimization methods (PSO and ACO) will cover shortcomings of each individual and provide more flexibility in choosing the best configuration. Since conventional load flow method failed to converge in solving the load flow problem in an unbalanced three phase distribution system, a novel load flow method for distribution system developed and introduced. The remainder of this paper is organized as follows: next section explains the optimal DSR problem formulation. Then the necessary background and fundamentals of the PSO and ACO algorithms and the implementation of the proposed hybrid ACO-ABC algorithm are described. Load flow method used for this paper introduced after that. Finally proposed method is applied on 33-bus IEEE test feeder and numerical results discussed.
PROBLEM FORMULATION
The main goal of optimal DSR is to determine the best configuration of distribution network to minimize specific objective functions. In this section the objective functions and constraints are explained.
Objective functions

Minimization of power losses
Reducing the total electrical energy losses of distribution network is an important goal of network reconfiguration, active power loss of each branch can be formulated as follows:
Where i is the bus number, 
Finally the first objective function described as:
Minimizing the deviation of the bus voltage Minimizing the deviation of bus voltage is selected as the second objective function for the DSR. Bus voltage is one the most significant security and power quality indices. This objective function can be described as follows: 
Constraint
In the optimal reconfiguration of distribution network, the systems need to meet certain constraints. They can be listed and mathematically expressed in the following subsections.
Voltage constraint
According to the ANSI C84.1 voltage magnitudes should be maintained within 5% of the nominal value. In this paper the ±5% limit is considered as "strict" and "excellent", and ±10% limit is considered as "loose" and "fair". 
Current constraint
Current at each branch must be less than or equal to its maximum capacity. This constraint can be described as: 
System Structure Constraint
Because of the easy protection schemes implementation of radial structure, distribution networks should remain radial before and after reconfiguration. To insure meeting this constraint:
Where M is the total number of branches in the system, N is the total number of buses. Load should meet continuously:
A is the node branch incidence matrix which is described in [8] and d is the total number of slack buses. At least in each loop there is one open branch so:
Where, K M is the amount of branches in the th k loop [9] .
PROPOSED HYBRID ALGORITHM Particle Swarm Optimization
A particle swarm optimization (PSO) algorithm is a kind of Swarm Intelligence (SI) technology, which was initially proposed by Eberhart and Kennedy in 1995 [9] . Inspired by birds flocking, the core concept of PSO is to find out the optima or sub-optima of an objective function through the co-operation and information sharing among particles. Since PSO is efficient, simple and robust, it has been widely used in multi-objective optimization. The classic PSO starts with a population of random solutions ""particles"" in a D-dimension space. The ith particle is represented by Xi = (xi1,xi2, . . . ,xiD). Each particle keeps track of its coordinates in hyperspace, which are associated with the fittest solution it has achieved so far. The value of the fitness for particle i ), and its location, obtained thus far by any particle in the population. The PSO consists of, at each step, changing the velocity of each particle toward its pbest and gbest according to Eq. (11). The velocity of particle i is represented as Vi= (vi1, vi2. . . viD). Acceleration is weighted by a random term, with separate random numbers being generated for acceleration toward pbest and gbest. The position of the ith particle is then updated according to Eq. (12) [10] : (12) Where ∀ i ∈ NN, NN = {1, 2,... N}, N is the size of the swarm; d is the index of the co-ordinate being updated; c1 and c2 are positive constants, called acceleration constants; r1 and r2 represent random numbers, following the uniform distribution over [0, 1].
Ant colony optimization
Ant colony optimization is one of the population based met heuristic techniques based on the foraging behaviour of real ants. They forage for food and establish the shortest paths from their nest to the food source. When the ants move along the paths, they lay a chemical substance called pheromone as they travel. In turn, shorter paths will have the higher rate of pheromone trails. Each ant makes decisions by using pheromone trails as a communication mechanism. All pheromone trails are eventually reduced by an evaporation rate. On the other side, a process of evaporation presents the exploration and prevents stalling in a local minimum. However, the pheromone values are updated at the end of each iteration [12] . 
The evaporation update is given by:
Where  is the constant factor reduction of all pheromones, the above optimization process is terminated after a certain amount of iteration.
PSO-ACO algorithm
Although PSO and ACO algorithms have been developed for various optimization tasks, it does not seem that either of the current algorithms is ideally suited for all problems. As an instant, in many cases if the global best and local best positions are equal to the particle"s position over a number of iterations in PSO the process of optimization may trapped in local optima. In this paper ACO is incorporated in basic PSO to improve exploration power of algorithm to examine much more solutions according to proposed method in [12] .In basic PSO global best position -which play important role in the guidance of particles-is unique for every particle. If the Gbest value does not change after some iteration, other particles gradually get close to the Gbest position and The ability of the best agent to search local area is also reduced. In PSO-ACO algorithm Gbest is selected by ACO best path selection methodology for each particle.
LOAD FLOW METHOD
Generally, distribution networks are radial and the R/X ratio is very high compared to a transmission system. This makes the distribution system ill-conditioned. That is why the conventional load flow method such as Newton-Raphson (NR), the Fast Decoupled Load Flow (FDLF) method and their modification are not suitable for solving the load flow problem in distribution system. The main idea of load flow method is extracted from what is mentioned in [13] and modified. This load flow method is used to calculate the voltage at each bus and total real and reactive power losses. Consider a single line diagram of two buses of a radial distribution system as shown in Figure (1) , the number of branches nb and the number of buses t are related through t = nb+1. 
for k = 2, 3,……. nb Where P Lk (k) and Q Lk (k) are active and reactive power of load connected to node k, respectively. The charging current can be stated as:
Here shunt admittance y o is considered as small. Branch Current I(n) is equal to the sum of the load currents of all the nodes beyond that branch n plus the sum of the charging currents of all the nodes beyond that branch n i.e.,
Where branch impedance is Z = R + j X. Therefore, if it is possible to identify the nodes beyond all the branches, it is possible to compute all the branch currents. A generalized equation of receiving-end voltage, sendingend voltage, branch current and branch impedance is:
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Where i is the branch number and 1 a and 2 a are: ) ( 
SOLUTION OF PSO-ACO FOR DSR
This section presents the proposed hybrid algorithm based on the combination of PSO and ACO sets for multi objective distribution system reconfiguration and DG installation problems for real power loss minimization and voltage profile improvement. The PSO-ACO algorithm applied on tested on a 33-bus radial distribution network that is shown in Figure (4) and whose information is available in [15] . It contains 32 sectionalizing switches and five tie lines. The decision making variables vector encoding strategy adopted in this paper is shown in figure (3) . 
RESULTS AND DISCUSSION
Two test scenarios are conducted on mentioned test feeder to verify the effectiveness of PSO-ACO algorithm:
Scenario I: system is under nominal load and reconfigured by the available sectionalizing and tie switches without installation of DG units. Step 1 : Read the line and load data.
Step 2 : Determine the nodes beyond each branch and their total number.
Step 3
: Initialize the voltage of all nodes to 1p.u and phase angle to zero.
Step 4
: Find all load currents and charging currents of each nodes using equation.
(17) and equation (18) by using these branch currents are determined given in equation (19)
Step 5
: Calculate the voltages and phase angles at each node by using equation (20).
Step 6
: If the voltage at each node for two successive iteration is within a certain tolerance (10 -4 p.u) the solution is reached go to step 8 else, repeat step 5 to 7 until convergence is reached.
Step 7 : Read the results 
CONCLUSIONS
A PSO-ACO based multi-objective optimization algorithm, which takes the advantage of both PSO and ACO optimization method, developed and introduced in this paper for distribution system reconfiguration. Also, the proposed algorithm is validated by comparison with results adopted from the literature. The simulation results show that the hybrid PSO-ACO is effective in solving DSR optimization problem. One of the main pivotal features of this paper is investigating the impact of distribution generation units on DSR problem. The methodology presented in this paper could be easily implemented in the distribution networks for planning and operation studies.
